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(57) ABSTRACT

A layover heating system (89) for a locomotive 1s provided.
The layover heating system (89) 1s adapted to be used 1n
conjunction with a conventional locomotive cooling sys-
tems. The layover heating system (89) includes a water tank
and pump (90). A layover heater (92) heats fluid 1n the
layover heating system (89). An orifice (98) 1s provided to
control the flow Of fluud 1 the layover system (89) to
generally balance the pressure on either side of the locomo-
tive radiator. In this manner, fluid flow through the radiator
1s minimized, mimmimizing heat loss at the radiator. A variable
orifice may be used that 1s adjustable 1n response to a signal
generated from pressure sensors on each side of the radiator
and processed by a central processing unit.

15 Claims, 8 Drawing Sheets
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LAYOVER HEATING SYSTEM FOR A
LOCOMOTIVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/287,117 filed Apr. 27, 2001.

FIELD OF THE INVENTION

The present mvention relates to a heating system for a
locomotive. More specifically, the present invention relates
to a layover heating system for a locomotive.

BACKGROUND OF THE INVENTION

In most modern diesel-electric locomotives, the diesel
engine drives the electric generators which 1n turn powers
the electric motors that drive the locomotive wheels. The
engine 1s typically a turbocharged diesel engine with turbo-
chargers and aftercoolers. Every diesel electric locomotive
has an engine cooling system.

The engine cooling system circulates the liquid coolant
through the engine cooling loop to remove heat from the
engine for two major reasons: (1) To keep the temperatures
of the engine parts within allowable limits for reliability and
durability and (2) to remove the heat from the incoming
engine air (at the compressor output) to reduce the airbox air
temperature which decrease the fuel consumption and
reduce emissions.

In all present day engine cooling systems, a liquid coolant
takes the heat from the engine (liners, heads, o1l coolers,
etc.), carries 1t to the radiators and discharges the heat to the
surrounding air (or to sea water in marine applications). The
coolant 1s usually a mixture of (a) water, (b) water-glycol
solutions. There are two types of glycols used in these
applications: (a) ethylene glycol and (b) propylene glycol.
One of the characteristics of the glycols 1s their reduction of
the freezing point of the water. Hence, the main purpose of
using glycols 1s to reduce the freezing point of the coolant
below the expected minimum temperature that the locomo-
tive will encounter and thus reduce the freeze damage to
components such as radiators. The higher the glycol percent,
the lower the freezing point of the mixture. For example, the
water freezes at 32° F., but the 50-50 mixture of the water
and propylene glycol freezes at about -36° F. Hence, water-
glycol mixtures are used extensively to protect freezing of
the engine coolant at low ambient temperatures.

Locomotive operation requires special attention at very
low ambient air temperatures. When the engine 1s operating
at high loads, it transiers enough heat to the coolant so that
there 1s no possibility for the coolant to freeze. On the other
hand, i1f the heat transferred to the coolant 1s low and the
ambient air temperature 1s low, there can be a possibility for
the coolant to freeze. This 1s not desirable as 1t can create
freeze-damage on components, particularly on radiators.
Therefore, a number ol special precautions are taken to
prevent the freezing of the coolant as described hereafiter.

A. Engine Idling: The engine may be run at an 1dle speed
when the ambient temperature 1s low and the locomotive 1s
not moving. This will keep the engine and coolant tempera-
tures at a level that the engine can develop enough heat (and
power) to keep the water temperatures above a safe mini-
mum value. This alternative ensures the proper operation of
the engine but has undesirable characteristics. First, 1dling
consumes fuel even when the locomotive 1s not 1n use. In
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some business case studies, the cost of fuel consumed 1n 1dle
operation for one year 1s estimated to be larger than the cost
of developing alternative systems. Second, idling reduces
the effective life of the engine.

B. Radiator Draining: When the engine 1s shut down, the
water or coolant may be drained from the radiators com-
pletely to the water tank to eliminate freezing in the radiator
tubes and damage them. This option requires large water
tanks to hold the coolant volume in the radiators and
connecting pipes. Almost all cooling systems that use water
as coolant have this draining feature. This 1s commonly
referred to as a “Dry Radiator” system. If the radiators are
not drained, then 1t 1s referred to as a “Wet Radiator” system.

C. Layover System: In some locomotives, there 1s a
system that 1s called the “Layover System”. This system
ecnables shut down of the engine at cold ambient tempera-
tures. Usually an electric heater (or other heat source)
supplies the heat necessary to keep engine component
temperatures at a minimum level so that the start-up of the
engine 1s possible when desired.

D. Combined System: In another system, a combination
of the above alternatives can be used. The {following
examples will be helpful 1n describing basic features of these
alternative systems.

(1) Parking Locomotive Inside: With a dry radiator sys-
tem, when the locomotive 1s parked inside a locomotive
housing for overnight, the engine can be stopped. The
coolant 1n the radiator 1s then drained and the engine
components are kept at normal 1nside the building tempera-
tures for start up the next morning. Parking the locomotive
inside a heated building 1s limited by the available buildings.
In most cases, 1t 1s not a practical solution.

(2) Parking Outside with Inside Heating: With a dry
radiator system, the engine can be parked at outside, water
1s drained to the tank. At very cold nights, the engine coolant
and o1l temperatures can be lower than the engine start-up
temperatures. So next morning, the locomotive 1s pulled and
parked inside a heated building until temperatures reach up
to start-up temperatures. This option also 1s not desirable by
railroads as warming up the locomotive 1nside the building
takes a long time. Moreover, a suitable building 1s not
available 1n most locations.

(3) Start and Stop System: In this case, the locomotive 1s
parked outside i cold weather. There 1s a system on the
locomotive such that it automatically starts the engine when
the coolant temperature goes below a predetermined level,
and stops the engine when the coolant temperature reaches
a maximum value. This way, the possibility of engine freeze
1s eliminated and the start-up of the engine i1s ensured the
next day.

The start and stop alternative does not require any build-
ing or similar structure. It 1s part of the locomotive design
and feature. However, 1t has two major drawbacks, namely,
(a) 1t still requires the operation of the large locomotive
engine (which 1s costly and reduces engine life), and (b) 1t
1s noisy and creates noise pollution. Starting and operating
the locomotive engine at an urban environment, particularly
during night hours, 1s restricted by local ordinances. There-
fore, railroads specily certain conditions on layover systems
precluding the start and stop option.

(4) Layover System with Dry Radiators (LSDR): With a
dry radiator system, the engine 1s stopped but enough heat
1s supplied to coolant through a layover system (usually with
an electric heater connected to an outside electric source).
The coolant 1s circulating through engine and o1l cooler but
not through the radiators. This system 1s usually 1dentified as
the “Layover System with Dry Radiators.”
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(5) Layover System with Wet Radiators (LSWR): With a
wet radiator system, the engine 1s stopped but enough heat
1s supplied to coolant through a layover system as before.
However, the coolant 1s circulating through the engine, o1l
cooler and the radiators. This system will be identified as the
“Layover System with Wet Radiators.” In this case, the heat
loss at the radiators will be higher than those of the LSDR
system.

Before describing the proposed layover system, 1t 1s
usetiul to describe the reasons for heating different engine
and cooling system components. These are covered 1n this
section. There are two major liquids used 1n locomotive
diesels today. The engine coolant and engine o1l. Any one or
both of these liquids may be used to heat the engine during
a layover period at low ambient air temperatures with forced
or natural circulation modes.

Heating the engine o1l 1s important for a number of
reasons. The pour point of engine oils 1s high. As an
example, the pouring point of SAE 40 o1l 1s about -12° C.
(or about 10.4° F.) (Ref: Material Safety Data Sheet # 1268,
tor Chevron Delo-6000 SAE 40 o1l). If the o1l temperature
1s permitted to go below this value, o1l behaves like a soft
plastic and will not flow. Therefore, it would not be possible
to start the engine.

Moreover, the viscosity of o1l goes up to a very high value
at low temperatures, 1.e., the viscosity of SAE 40 o1l 1s 100

saybolds at 210° F. Corresponding values for 60 and 0° F. are
about 7000 and 500,000 saybolds (Marks Mechanical Engi-

neering Handbook, Sixth Edition, pp. 6230, FIG. 1). The
commonly recommended minimum o1l temperature for
engine start-up 1s about 40-50° F. Hence, heating the o1l 1s
a necessity for a reasonable sized, particularly an electric
start-up system. The size, weight and cost of engine start-up
systems go up very rapidly with decreasing start-up tem-
perature.

Heating the o1l directly with an electric heater has some
limitations. As the heat conductance of the o1l is low, the
local temperature on the surface of the electric heater
becomes very high. I this 1s permitted, 1t will start the
oxidation of the o1l even at low temperatures and conse-
quently reduce the o1l life to unacceptable levels. To prevent
this oxidation, the heating rate (watt density) of the electric
heater should be kept at a very low level. This 1n turn would
increase the size of the electric heater necessary to do the job
and become 1mpractical. Hence, direct electric heating of o1l
1s not utilized, but the engine coolant 1s heated by an electric
heater, and the warm engine coolant transfers the necessary
amount ol heat to o1l at the conventional o1l cooler.

Heating the o1l 1s usually done by forced circulation of the
o1l through the o1l cooler and the engine. This will also
assure proper lubrication as well as heating of surfaces that
o1l gets 1n contact with. When the engine 1s started, the
bearings and the liner-ring interface already have the oil
layer. This will reduce the power requirement for start-up,
and the use of a smaller start-up system can be possible.
Hence, o1l heating 1s necessary to reduce the engine start-up
power.

Forced convection of warm o1l also heats the piston and
the rings and therefore controls the clearance between the
rings and piston at cold start conditions. This 1s important to
bring the wear rate of the rings and liners. Hence, o1l heating,
1s also necessary for durability and reliability of the engine.

Heating the engine coolant 1s necessary for several rea-
SONS:

a) To control the proper clearance at engine liners. With
decreasing ambient temperature, the liner will shrink and
reduce the clearance between the liner and piston (rings). I
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the engine 1s started with liners that are at a temperature
below a permissible low value, this will cause excessive
wear and tear both on the rings and the liner. It will require
a much higher start-up power and increase the size and cost
of the starting system. It may also cause liner scuiling.

b) If the coolant 1s permitted to freeze, particularly within
radiator tubes and liner passages, 1t may cause permanent
damage to the tubes and other components.

c) At low enough temperatures, the water-glycol mixtures
behave like a jelly and would not flow as easily. Hence, the
coolant pump operation can be hindered at the start-up 1f the
coolant temperatures are permitted to be too low.

d) The combustibility of the fuel imjected into the engine
cylinder depends on the air temperature in the cylinder.
Heating the engine coolant will 1n turn heat the liner and
through the liner, the air trapped in the cylinder. It the
coolant 1s not heated, and at low ambient air temperatures,
the fuel may not combust and starting the engine may not be
possible.

¢) At some low ambient temperatures, the fuel 1s not
burned completely, leading to phenomena called “white
smoke”. Heating the engine coolant tends to reduce and
climinate the engine white smoke and start-up emissions.

The heating of engine coolant and o1l 1s necessary at low
ambient air temperature conditions. An engine layover sys-
tem 1s used to satisiy this need. At some applications where
the ambient temperature becomes very cold, heating the
locomotive cab also becomes an important issue for the
crew. As a result, the locomotive cab heating system may be
combined with the engine layover system to keep the engine
as well as the locomotive cab temperatures within desirable
limuts.

SUMMARY OF THE INVENTION

The present invention relates to a layover heating system
for a locomotive engine adapted for connection with a
locomotive cooling system. The locomotive cooling system
includes a water tank, an engine, a radiator and an o1l cooler.
The layover heating system comprises a pump for circulat-
ing fluid from the water tank. A layover heater i1s in fluid
communication with the pump. At least one check valve 1s
in fluid communication with the layover heater. The layover
heating system also includes an orifice for controlling the
flow of tfluid 1n the layover heating system.

A layover, heating method for a locomotive engine
adapted for use 1n connection with a locomotive cooling
system having a water tank, an engine, a radiator and an o1l
cooler 1s also provided. The method comprises pumping
fluid from the water tank through a layover heater. The fluid
in the heater 1s then heated. The heated fluid 1s provided then
to the engine and to the o1l cooler. An orifice for controlling
the tlow of fluid to mimimize fluid flow through the radiator
1s provided.

Further areas of applicability of the present invention will
become apparent from the detailed description provided
hereinafter. It should be understood that the detailed descrip-
tion and specific examples, while indicating the preferred
embodiment of the mnvention, are mtended for purposes of
illustration only and are not intended to limit the scope of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:
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FIG. 1 1s a schematic view of a prior art locomotive
cooling system:;

FIG. 2 1s a schematic view of an alternate prior art SAC
locomotive cooling system:;

FIGS. 3a and 3b are schematic views of an alternate prior
art locomotive cooling system:;

FIG. 4 1s a perspective view of a locomotive layover
system with a wet-type radiator;

FIG. 5 1s a schematic view of an alternate prior art
locomotive cooling system;

FIG. 6 1s a schematic view of a layover heating system in
accordance with one presently preferred embodiment the
present mvention;

FIG. 7 1s a schematic view of an alternate layover heating,
system 1n accordance with one presently preferred embodi-
ment of the present invention; and

FIG. 8 1s a schematic view of an o1l cooling loop in
accordance with one presently preferred embodiment of the
present mvention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

The following description of the preferred embodiment(s)
1s merely exemplary 1n nature and 1s 1n no way intended to
limit the invention, 1ts application, or uses.

In FIG. 1, the schematic arrangement of a conventional
cooling system for a locomotive diesel engine 1s shown.
These systems were used extensively up to about 1980s. The
cooling pump circulates the coolant 1n the direction of the
arrows through the engine 10 (and a parallel attercooler 12),
through the radiators 14 and the o1l cooler 16. A water tank
18 supplies the water to the system and maintains pressure
head to the water pump 20. Other engine components in
need of heating or cooling by the engine water (such as air
compressor, fuel o1l preheater, etc.) can be installed on this
loop at appropnate locations. An important characteristic of
this system 1s the fact that the coolant temperature at the inlet
of the engine 1s the same as at the inlet to the aftercooler
core. This limits the amount of air cooling at the aftercooler.

FIG. 2 1s a schematic 1llustration of the so-called Separate
Aftercooling System (SAC). There are two coolant loops 1n
this system, an engine coolant loop 22 and an aftercooler
loop 24. Coolant tlow through the loops 1s indicated by the
arrows. In the engine coolant loop 22, a pump 26 circulates
the coolant through the engine 28, the engine radiator 30 and
the o1l cooler 32. In the aftercooler loop 24, a second pump
34 circulates the coolant through the aftercooler cores 36
and aftercooler radiators 38. The engine loop 22 coolant 1s
hotter than the aftercooler loop 24 coolant. Their respective
temperatures can be as 180 and 135° F., respectively. A link
valve 40 joins the coolant between these loops 22, 24. When
the link valve 40 opens, the hotter engine-loop 22 coolant
flows through the link valve 40 to the colder aftercooler loop
24. To compensate this water flow, the same amount of cold
altercooler coolant tlows to the water tank 42 and from there
to the main engine coolant loop 22. This flow through the
link valve 40 generates a mechanism of heat transfer from
the main engine coolant loop 22 to the aftercooler loop 24.
When main radiator 30 can cool the engine 28, the link valve
40 1s closed and aftercooler loop 24 coolant temperature
(and the airbox air temperature) can be made very low.
When the main radiator 30 cannot cool the engine 28, the
link valve 40 1s opened and the excess heat 1s transferred to
the aftercooler loop 36. In such a case, the aftercooler loop
24 coolant temperature becomes higher. An increase 1n the
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flow through the link valve 40 increases the temperature of
the coolant 1n the aftercooler loop 24.

The important feature of this system i1s that the coolant
temperature at the inlet of the aftercooler can be much cooler
than the coolant temperature at the engine 1nlet. This system
can cool the engine nlet air to a much lower value, which
in turn reduces fuel consumption and decreases engine
€missions.

Another feature of the SAC system i1s the ability to
allocate the cooling capacity of the aftercooler radiator 38 to
cool the aftercooler loop 24 only or to cool the aftercooler
coolant as well as the main loop 22 coolant that flows

through the link valve 40.

FIGS. 3a and 3b are schematic diagrams ol a layover
system where the water 1s heated by an immersion electric
heater. The coolant has forced circulation with a water pump
42. The o1l 1s heated at the o1l cooler 44 through heat transfer
from warm engine 54 cooling water to colder oil. In this
system, the radiators 46 are drained completely to the water
tank 48 so 1t 1s a dry radiator system. A temperature sensor
50 senses the temperature of the coolant so that heater 52
current can be turned on and ofl. The system may also
include an air compressor 56. As shown in FIG. 3a, an
engine and air compressor drain 38 and a drain bypass 60
may also be included. A temperature switch 62 may also be
provided. FIG. 35 also shows a scavenging pump 64, oil
strainer 66, engine o1l sump 68, and engine o1l drain 70. A
standby o1l pump 72 and o1l filter 74 are also shown.

FIG. 4 1s a perspective drawing of a locomotive layover
system with a wet-type radiator. Coolant tflow 1s 1n the
direction of the arrows. In this system, the radiators 76 are
not drained. The water tank 78 1s only a make-up tank to
keep the cooling system filled with water always. The
system shown includes an engine 80 and o1l cooler 82. An
air compressor 84 1s also provided. Check valves 86 and a
temperature switch 88 1s also provided.

A system known as “Hotstart Layover Protection System
for Diesel Locomotives™ 1s disclosed at www.kimhotstart.
com. In all “Hotstart” systems, a power source 1s supplying
energy to heat the water and/or oil. A schematic of the
process 1s shown in FIG. 5.

If idle operation of a wet locomotive cooling system 1n
cold weather 1s not desired, a layover system could be used.
In this case, the heat losses over the radiators can be large
and costly. In order to reduce the heat losses at the radiators,
the coolant tlow rate through the radiators can be reduced
(1deally to zero) by equating the pressures at the inlet and
outlet of the radiators through the use of a fixed or variable
orifice.

The present invention relates to a layover system with wet
radiators. One embodiment 1s adapted for use 1n conjunction
with a layover system such as that shown in FIG. 4. The
present mvention can be used with a conventional cooling
system, such as that shown 1n FIG. 1, or a SAC system such
as that shown i FIG. 2. In all these systems with wet
radiators, there 1s coolant 1n the radiators. When the engine
1s stopped and the ambient temperature 1s low, the layover
system operates. In this system, the coolant 1s heated by the
layover heater and 1s circulating through the system either
by forced circulation (with a coolant pump) or by natural
convection.

In the wet radiator system, the heat loss through the
radiators 1s a major heat loss and can be as big as and even
larger than the heat loss at the engine. As this heat loss
occurs without any useful heating for the engine, any
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reduction of this heat loss 1s desirable. The present invention
mimmizes this heat loss at the wet-type radiators of the
layover system.

The heat loss at the radiators 1s a function of the water
flow rate through the radiators. Thus, one method to mini-
mize the heat loss at the radiators 1s to reduce the coolant
flow rate through the radiators as much as possible and
preferably to zero. Clearly, reducing the tlow to zero will not
reduce the heat loss to zero but will mimimize 1t for the given
radiator size and operating conditions. Reducing the flow
through the radiator can be achieved by making the pressure
at both ends of the radiator the same.

In FIG. 6, the schematic arrangement of a layover system
89 of one presently preferred embodiment of the present
invention 1s shown in connection with a conventional cool-
ing system of the type shown 1n FIG. 1. The layover heating
system 89 shown 1n FIG. 6 1s shown on the same cooling
system as that shown in FIG. 1 with the layover heating
system 89 components added. Accordingly, like numbers
will be used to designate similar components among the
Figures. The system includes an engine 10, parallel after-
cooler 12, radiator 14 and o1l cooler 16. Radiator 14 1s
shown to include a fan. A water tank 18 1s shown as 1s water
pump 20. This embodiment shows the layover system 89
comprising: a layover pump 90, a layover heater 92, two
check valves 94 and 96, and an orifice 98.

The operation of the system 1n engine operation mode 1s
the same as described before for FIG. 1. In this mode, the
lowest pressure point 1n the loop 1s at water tank 18. The
installation direction of the check valves 94 and 96 prevents
the flow from engine 10 out to water tank 18 and o1l cooler
16 into water tank 18. The coolant flow direction in the
coolant loop 1s as shown 1n FIG. 1 and 1s shown with narrow
headed arrows.

When the engine 10 1s stopped and the layover pump 90
1s operating, the coolant flow directions will be as shown on
FIG. 6 with broad headed arrows and described below.
Layover pump 90 takes the water flow from the water tank
18 and passes 1t through the heater 92. A portion of the
coolant heated at layover heater 92 goes through the check
valve 94 and flows backward through the engine 10 and
aftercooler 12 and main water pump 20 back to the water
tank 18. The other portion of the coolant heated at heater 92
goes through check valve 96 and orifice 98 and then through
o1l cooler 16 back to the water tank 18. The pressure at both
ends of the radiator (namely P1 and P2 1n FIG. 6) 1s made
generally equal or balanced by choosing the orifice 98 size
properly. Thus, the flow rate through the radiator 14 1s
reduced to a very small value, and preferably, zero. As the
layover pump 90 1s going to be energized through a single
speed electric motor, there will be one water flow rate
through the components. As a consequence, 1t 1s possible to
balance the pressures at the radiator with one orifice 98.

For different reasons, the speed of the electric motor may
vary or the coolant flow rate 1n the layover heating loop may
change for any reason. Under these conditions, the use of a
fixed orifice 98 may not be able to equalize the pressure on
both sides of the radiator P1 and P2. In such a case, the
layover system 89 may include a varnable size orifice 98 1n
place of fixed orifice 98. That 1s, either a fixed or variable
s1zed orifice 98 may be used within the scope of the present
imnvention. When a variable sized orifice 98 1s used, The
layover system 89 may also include sensors 100 and 102 to
sense the respective pressures P1 and P2 on first and second
side of the radiator, respectively, and generate signals to
indicate the pressure (or temperature) differential between
them.
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The signals are sent to a computer, central processing unit
or other mechanism 104 capable of processing the signals.
The central processing unit 104 calculates and generates the
correction signal to reduce the pressure difference and sends
the signal to actuator 106. Then, the actuator 106 changes
the eflective opening and the flow resistance of variable area
orifice 98. This way, the pressure at both sides of the radiator
can be generally equalized and the coolant tlow through it 1s
minimized. This will reduce the heat loss through the
radiators to a mimmum. Heating of the o1l will be through
the o1l cooler as discussed above in connection with, for
example, the system shown in FI1G. 3b. This arrangement 1s
shown schematically in FIG. 8. Specifically, the engine 28
includes an o1l sump 110. The o1l sump 1s 1n fluid commu-
nication with strainer 112. A standby o1l pump 1s connected
to the strainer 112. A check valve 116 1s interposed between
o1l pump 114 and o1l filter 118. The o1l filter 118 1s connected
to the o1l cooler 120. The o1l cooler 1s 1n turn connected with
the engine 28. Circulation of the o1l 1s 1n the direction shown
by the arrows 1n FIG. 8.

It will be appreciated that the components are shown 1n
fluid communication through various plumbing. The plumb-
ing may include tubes, pipes or any other structure that
allows fluid communication between the respective compo-
nents.

FIG. 7 shows a SAC cooling system of the type shown 1n
FIG. 2 with the layover system of the present invention
added. The coolant tlow direction 1s shown for the operation
of the layover system with a fixed orifice. The coolant tlow
1s 1n the direction of the arrows.

In essence, the SAC cooling system 1s as shown 1n FIG.
2 and the layover system 1s as shown in FIG. 6. Accordingly,
like numerals will be used to refer to similar components.
The system 1n FIG. 7 includes the two coolant loops of the
SAC system, the engine coolant loop 22, and the after cooler
loop 24. This embodiment also includes pump 26, engine 28,
main radiator 30 on an o1l cooler 32. These components are
on the engine coolant loop 22. The after cooler loop 24
includes after cooler pump 34, after cooler cores 36 and after
cooler radiator 38. Link valve 40 joins the coolant between
the loops 22, 24. Water tank 42 1s also included.

The layover system 89 1s of the same type as that shown
in FI1G. 6. Operation of the layover system 89 1s as discussed
above. The layover system 89 comprises layover pump 90,
layover heater 92, check valves 94, 94 and orifice 98. As
above, orifice 98 may be fixed or of variable size. When a
variable size orifice 98 1s used, sensors and a central
processing unit may also be included 1n the layover system
89. Similarly, an actuator may be used to control movement
of the orifice 98.

The SAC cooling system shown in FIG. 7 operates the
same as that discussed above with respect to FI1G. 2 when the
cooling system 1s 1n operation as the engine 1s running and
the layover pump 90 is stopped. The layover system opera-
tion 1s the same as the layover system discussed above with
respect to FIG. 6 when the engine 1s stopped and the layover
pump 90 i1s running. Similarly, and as shown, the layover
system 89 operates the same as that discussed above with
respect to FIG. 6 when the layover system 89 1s operational
and the engine 1s stopped, with the layover pump running.
Preferably, when the layover system 89 1s operational, the
link valve 40 1s closed. The layover heating system opera-
tion 1s the same as that described above with respect to FIG.
6.

Other features of the cooling system (like o1l side heating)
remain the same. The operation conditions of the original
system are not aflected negatively and remain the same.
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The description of the mvention 1s merely exemplary in
nature and, thus, variations that do not depart from the gist
of the mvention are intended to be within the scope of the
invention. Such varnations are not to be regarded as a
departure from the spirit and scope of the invention.

What 1s claimed 1s:

1. A layover heating system for a locomotive comprising:
a water tank, a water pump and {irst plumbing extending
therebetween;

an engine and second plumbing extending between the

engine and the water pump;

an aftercooler and third plumbing extending between the

altercooler and the water pump:;

a radiator and fourth plumbing extending between the

engine and the radiator;

fifth plumbing extending from the aftercooler and con-

nected to the fourth plumbing extending between the
engine and the radiator;

an o1l cooler and sixth plumbing extending between the

radiator and the o1l cooler:

seventh plumbing extending between the o1l cooler and

the water pump:;

a layover pump and eighth plumbing extending between

the water tank and layover pump;

a heater and ninth plumbing extending between the heater

and the layover pump;

tenth plumbing extending from the electric heater and

connected to the sixth plumbing extending from the
radiator to the o1l cooler, and a first check valve 1n the
tenth plumbing, and an orifice 1n the tenth plumbing
and intermediate the first check valve and the o1l,cooler.

2. A layover heating system for a locomotive as set forth
in claim 1 wherein said orifice 1s a variable orifice.

3. A layover heating system for a locomotive as set forth
in claim 2 further comprising an actuator for operatively
opening and closing the variable orfice.

4. A layover heating system for a locomotive as set forth
in claim 3 further comprising a first pressure sensor in the
fourth plumbing extending from the engine to the radiator
and a second pressure sensor in the sixth plumbing extend-
ing from the radiator to the o1l cooler and intermediate the
radiator and the tenth plumbing.

5. A layover heating system for a locomotive as set forth
in claim 4 further comprising a central processing unit and
wherein the first and second pressure sensors are operatively
connected to the central processing unit to provide signals
thereto and wherein the actuator 1s operatively connected to
the central processing unit to vary the orifice size based upon
signals from the first and second sensors.

6. A layover system as set forth in claam 1 further
comprising eleventh plumbing extending from the tenth
plumbing that extends from the electrical heater to the
plumbing extending from the radiator to the oil heater and
connected to the fifth plumbing extending from the after-
cooler to the plumbing extending from the engine to the
radiator.
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7. A layover system as set forth in claim 6 wherein the
cleventh plumbing includes a second check valve therein.

8. A layover heating system for a locomotive engine
adapted for connection with a locomotive cooling system
having a water tank, an engine, a radiator and an o1l cooler
comprising;

a pump for circulating fluid from the water tank;

a layover heater in fluid communication with the pump;

at least one check valve 1n fluidd communication with the

layover heater;

an orifice for controlling the flow of fluid 1n the layover

system; and

a first pressure sensor for sensing the pressure on a first

side of the radiator and a second pressure sensor for
sensing pressure on a second side of the radiator.

9. A layover heating system for a locomotive as set forth
in claim 8 wherein said orifice 1s a variable orifice.

10. A layover heating system for a locomotive as set forth
in claim 9 further comprising an actuator for operatively
opening and closing the variable onfice.

11. A layover heating system for a locomotive as set forth
in claim 10 further comprising a central processing unit and
wherein the first and second pressure sensors are operatively
connected to the central processing unit to provide signals
thereto and wherein the actuator 1s operatively connected to
the central processing unit to vary the orifice size based upon
signals from the first and second sensors, whereby the
pressure on the first and second sides of the radiator can be
controlled to control the flow of fluid through the radiator.

12. A layover heating method for a locomotive engine
adapted for use 1n connection with a locomotive cooling
system having a water tank, an engine, a radiator an o1l
cooler, and an orifice for controlling the flow of fluid to
minimize flmd flow through the radiator, comprising:

pumping fluid from the water tank through a layover

heater:;

heating the fluid 1n the heater;

providing heated tluid to the engine and to the o1l cooler;

and

sensing the pressure on first and second sides of the

radiator with pressure sensors and adjusting the orifice
to equalize the pressure on the first and second sides of
the radiator to mimimize fluid flow through the radiator.

13. A method as set forth 1n claim 12 further comprising,
sending a signal from the pressure sensors to a central
processing unit to generate a control signal, sending the
control signal to an actuator to control movement of the
orifice.

14. A method as set forth 1n claim 12 further comprising
heating engine o1l by circulating engine o1l from the engine
through an o1l filter and the o1l cooler having heated fluid
therein and back to the engine.

15. A method as set forth 1n claim 14 further comprising
circulating the engine o1l by using an oil pump.
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